P Kk O

ARG D B AF

L OSMHAMRE) o wE

V2 443 H 3 1 H

Studies on Bioactive Cyclic Peptides Produced

by Ascomycete OK-128
(1225 OK-128 PRDApES 4 A HUEMIRIR~7 F FICBI T 5 1/90)
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In search of novel compounds for pharmaceutical and agricultural uses, fungi have
been subjects of intense studies for their wide array of metabolites. We have previously
found that severa fungal strains isolated from soil produced interesting secondary
metabolites which are active against the silkworm (Bombyx mori). Penicillium
simplicissmum ATCC 90288 produced the insecticidal indole alkaloids, okaramines,
and Aspergillus japonicas ATCC 204480 produced the paraytic akaloids,
asperparalines. Okaramine B and asperparaline A particularly showed prominent activity
against several insect pests, and therefore their mode of action has attracted strong
attention. In the course of our continuing search for novel bioactive compounds from
fungal metabolites, the methanol extracts of fungi were screening for their insecticidal,
paralytic, and convulsive activities using silkworm. This study deals with the isolation
of novel active principles, their chemical structures, and bioactivities.

A tota of 500 methanol extracts from fungi were screened for their insecticidal,
paralytic, and convulsive activities against the third instar larvae of silkworm. As a
result, 29 samples showed insecticidal activity in the range of 20-100%, 8 samples
paralytic activity in the range of 80-100%, and 40 samples convulsive activity in the
range of 20-100%. Because OK-128 showed a significant paralytic activity, the




methanol extract of OK-128 was selected for further investigation of bioactive
compounds.

Twenty kg of okara fermented with the fungus was soaked in MeOH for 7 days. The
extract was evaporated to agueous concentrate and the concentrate was extracted with
EtOAc. The extracted material (33.2 g) was chromatographed on silica gel by n-hexane
and an increasing ratio of EtOAc. The active 70% and 100% EtOAc eluates (22 g) were
chromatographed further on silica gel using n-hexane-acetone (75:25) and were
crystallized from MeOH to obtain compound 1 (8.8 g). The filtrate was further purified
by HPLC to yield three minor compounds. compound 2 (49.6 mg, tR 49.6 min),
compound 3 (3.4 mg, tR 86.3 min) and compound 4 (2.0 mg, tR 96.0 min).

Compound 1 and compound 2 were identified as PF1171A and PF1171C, respectively,
by comparing their MS, *H NMR and **C NMR data with those previously reported.
However, the absolute configurations of the residues of the amino acids in PF1171s
were not determined in the previous study. The absolute configurations of PF1171A and
PF1171C were therefore determined by using Marfey’s methodology in this study. The
hydrolysates were treated with Marfey’s reagent, 5-fluoro-2,4-dinitrophenyl-L-alanine
amide (FDAA), and the resulting derivatives were analyzed by reverse-phase HPLC.
The peaks in the chromatogram were identified by comparing the retention times with
those of the FDAA derivatives of the authentic amino acids. The FDAA derivatives of
the amino acids liberated from PF1171A (1) showed peaks matching L-Ala, L-Pip, L-Leu,
L-MeL eu, and p-lle. The absolute configuration of the amino acids in PF1171C (2) were
determined to be L-Ala, L-Pip, b-Val, L-Leu, and L-MeL eu.

Compound 3 was isolated as a col orless amorphous solid, [a]p?® +18° (¢ 0.15, CHCl5).
The molecular formula was determined to be CzsHs,NgOg by the HRFABMS data (nvz
689.4020 [M+H]*, A —0.7 mmu), requiring 16 degrees of unsaturation. The *H and **C
NMR spectra of 3 displayed signals from six amide carbonyl and four amide protons,
indicating that compound 3 was a hexa-peptide containing two amino acid residues that
did not have amide proton. *H-*H COSY experiment constructed the six amino acid
residues as lle, AA, pipecolinic acid (Pip), Leu, Ala, and Phe. The carbonyl carbons of
the respective amino acid residue were deduced from the HMBC correlations of amido,
a-, and b-protons. The NH of Leu residue was reveaed to be methylated according to
the HMBC correlation from singlet methyl singal (dy 3.23) to the a-carbon (dc 65.3).
These residues accounted for 15 degrees of unsaturation, indicating that 3 is a cyclic
peptide. The HMBC experiment revealed the following connections of the amino acid
residues: AA to lle, Pipto AA, MeLeu to Pip, Alato MelLeu, and Ile to Phe. Finally, the
planar structure of 3 was determined to be cyclo(lle-AA-Pip-N-methylleucine



(MeLeu)-Ala-Phe). Therefore, based on current data, 3 has been determined to be novel
cyclic hexa-paptide belonging to the PF1171s and hereafter isreferred to PF1171F.
Compound 4 was isolated as a colorless amorphous solid, [a]p?® +26° (c 0.15,
CHCI3). The molecular formula was determined to be CzsHssNgOs by the HRFABMS
data (mVz 669.4344 [M+H]*, A +0.5 mmu). The *H and **C NMR spectra were similar to
those of PF1171A (1). However, the signals for Alaresidue observed in the spectra of 1
were not detected in 4. Alternatively, the signals for methyl (dy 0.72, dc 9.7), methylene
(dy 1.68, 1.90, dc 24.5), and methine (dy 4.78, dc 52.9) groups were observed in the
spectra of 4. In addition, the methylene protons (dy 1.68, 1.90) were coupled to the
methyl protons (dy 0.72) and the a-methine proton (oy 4.78). These data indicated the
presence of a 2-aminobutyric acid (Aba) residue in 4, which was also confirmed by the
latter Marfey amino acid analysis. Other amino acid residues were assigned to be lle,
AA, Pip, MeLeu, and Leu by *H—*H COSY and HMBC experiments. Consequently, the
structure of a new haxa-paptide 4 was established to be
cyclo(lle-AA-Pip-MeLeu-Aba-Leu), and was hamed as PF1171G.

The absolute configurations of the amino acids in PF1171F and PF1171G were
determined by Marfey’s methodology. The absolute configuration of the amino acids in
PF1171F (3) showed peaks matching bp-Ala, L-Pip, L-Phe, L-MelLeu, and bp-lle.
PF1171G (4) were determined to be p-Aba, L-Pip, L-Leu, L-MeLeu, and p-lle. The
paralytic activities of PF1171s were evaluated against the silkworm. The paralytic
activities of PF1171A (1), PF1171C (2), PF1171 F (3) and PF1171G (4) in adose of 30
no/g diet were 40%, 16%, 43% and 80%, respectively, against silkworms observed 5
hours after feeding.

So far, various active cyclic peptides have been shown to act on insects. Among them,
paralytic peptide destruxins produced by Metarhizium anisopliae are well-studied, and
their mechanism of action is suggested to be caused by interfering calcium channels in
muscle of Drosophila melanogaster. The paralytic response of silkworm to PF1171sis
very similar to that to paraytic alkaloid asperparaline A, a blocker of insect nicotinic
acetylcholine receptor, suggesting that the peptides also target the neuron systems of
silkworm. We are now developing the method to explore the mode of action of
insect-active fungal metabolites. The mechanisms of silkworm paralysis by PF1171s
will be resolved in near future.
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